Low volume roads are widely used all over the world. To improve their quality a FEM computer simulation of their behavior is proposed. The input information about mechanical properties of individual materials is crucial for obtaining results as exact as possible. Among others, the mechanical properties are generally dependent on the state of stress and on humidity conditions. For this purpose the cyclic-load triaxial machine testing of cyclic-load performance of materials seems to be a promising test method. The test specimens can be prepared with diff erent amounts of water. Thus modulus of elasticity (Young modulus) of diff erent materials including recycled ones can be measured under the diff erent conditions of horizontal and vertical stresses and under the diff erent humidity conditions. Using the proposed testing procedure the modulus of elasticity of materials used in the newly built low volume road is obtained under the diff erent state of stress as well as humidity conditions set to standard, dry and fully saturated level. Also recycled materials which are able to replace the traditional materials in the pavement are tested. Obtained values of modulus of elasticity can be used in a FEM study of the newly built road.
INTRODUCTION
Pavement structures in the Czech Republic including low volume roads are designed according to the technical recommendation TP 170 (2010) . The traditional design method is based on the knowledge of traffi c load and material characteristics of particular materials. These parameters are defi ned empirically or are obtained from traditional laboratory tests which unfortunately are not able to respect the real behavior of pavements. Therefore it is very diffi cult and time consuming to put new materials (including recycled materials) into practice or to change traditional thickness of structural layers, see e.g. Hornych and Abd (2004) , Saeed et al. (2001) , Werkmeister et al. (2003) .
To improve the quality of low volume roads the computer simulation of their behavior using FEM model is proposed Ševelová and Kozumplíková (2010) . To obtain the most accurate results from such a model it is necessary to work with the exact values of the modulus of elasticity (Young modulus) of individual materials. Generally, the values presented in standards and regulations are not the desired values of the modulus of elasticity, but rather diff erent deformation moduli. The reason is simple -the traditional standard tests used in geotechnical as well as pavement design practice are not able to determine the desired modulus of elasticity.
Cyclic-load triaxial testing is an innovative laboratory test method. By simulating both the vertical loading and the horizontal pressure caused by individual crossings of vehicles as well as self-weight of the structure, the real stress conditions in corresponding layers of the structure can be obtained. Although the method was included in EN 13286-7 (2004) , it has not been used in practice very o en up till now. The success of the proposed test method in a practical use is dependent on the knowledge of loading eff ects. The vertical and horizontal stresses produced in particular layer materials are necessary inputs. The horizontal stress cannot be obtained experimentally by longterm measurements on real pavements because it is both time and money consuming process with a low effi ciency.
The mechanical properties of materials are dependent not only on the stress conditions but also on the humidity conditions. The test specimen can be prepared with diff erent amount of water and thus the humidity infl uence can be studied too.
The values of modulus obtained from triaxial testing can be used as input values for FEA of the pavement behavior under diff erent humidity conditions.
MATERIALS AND METHODS

Cyclic-load Triaxial Test
The cyclic-load triaxial test is able to simulate the real traffi c loading and stress conditions in a pavement during its whole lifetime. The triaxial test consists of repeating short-time vertical pulses together with constant or variable confi ning horizontal pressure on a cylindrical specimen of dimensions 200 mm high and 100 mm diameter. The vertical pulses on the specimen simulate passing of wheels and the confi ning pressure simulates the horizontal stress conditions in a particular layer of a pavement. The specimen is placed in the triaxial chamber between two porous slabs which drains off the water, see Fig. 1 . The specimen deformations are measured by linear variable displacement transducers (LVDT). The deformation in vertical direction is measured by three LVDTs in order to measure a possible tilt of the specimen. The horizontal deformations are measured by two mutually perpendicular LVDTs to deal with possible anisotropic deformations. The outputs of triaxial test are modulus of elasticity, progress of permanent deformation, and Poisson coeffi cient.
To make the triaxial test of structural materials more reliable we have to know the range of vertical stress and horizontal pressure for a particular layer as well as humidity conditions.
Low Volume Road Analysed
The triaxial testing is performed for materials used in the newly built multi-purpose low volume road (forest road and ski track). The road has two lanes (the lane width of 3 m) with the total width of 7 m, see Fig. 2 . It is designed according to ČSN 73 6133 (2010) and TP 170 (2010) . It consists of three structural layers (non-rigid cover, base, sub-base) and the subgrade soil with no added binders. In the original project (natural variant) only materials from natural resources are used. The cover layer consists of a mixture of mechanically compacted aggregates of 100 mm thickness, the base layer is made from gravel fractions 16-32 of 150 mm 1: Triaxial chamber with specimen and measurement equipment 2: Model of pavement structure thickness and the sub-base is made from coarsely crushed stone fractions 32-63 of 150 mm thickness, see Tab. I. In the alternative project (recycled variant) for cover as well as base layer the recycled materials instead those from natural resources are proposed. The cover layer consists of mechanically compacted recycled bitumen material of 100 mm thickness, the base layer is made from recycled concrete fractions 0-16 of 150 mm thickness and the subbase is the same as in the natural variant, see Tab. I.
RESULTS OF TRIAXIAL TEST OF MATERIALS
The measurement of behavior of individual natural and recycled materials using the triaxial test was performed at a constant chamber pressure (horizontal stress) set to 20, 35, 50, 70, 100, 150 kPa, and 10 000 loading cycles. Testing of one material specimen lasted approximately four hours. A er completion of testing, the specimen was removed and from the center of specimen the humidity was set. Up until now testing of the cover and base materials of recycled variant and the base and subgrade materials of natural variant has been fi nished Karásková (2012) .
First of all, the modulus of elasticity was determined for the standard humidity level and for diff erent horizontal stress levels (20, 35, 50, 70, 100, 150 kPa) . The results are shown for natural materials in Fig. 3 . and for recycled ones in Fig. 4 . It is clearly shown how the modulus of elasticity of unbound materials (recycled as well as natural materials) signifi cantly depends on the state of stress (horizontal and vertical stress) in which the material is located.
Then more detailed testing of the modulus of elasticity was performed for three diff erent humidity levels and the most probable state of stress in which the individual material in the structural layer may occur. 
CONCLUSION
Testing of materials in triaxial testing machine under diff erent humidity as well as stress conditions allows to obtain the values of modulus of elasticity that respect real conditions in real pavements. Depending on the actual state of stress of materials under the standard humidity level, the modulus of elasticity of the subgrade material used in the newly built road can be expected in the interval 120-540 MPa, while for the base material the modulus of elasticity can be expected in the interval 90-520 MPa for the case of natural materials. In the case of recycled materials the modulus of elasticity can be expected in the interval 100-380 MPa for the base material and for the cover material the modulus of elasticity can be expected in the interval 90-740 MPa. It is seen that the modulus of elasticity decreases with increasing vertical stress in the case of natural materials. Recycled materials show diff erent behavior. For the base material (recycled concrete) the modulus of elasticity is more or less independent on the vertical stress intensity with the exception of the highest intensity of 150 kPa, when it decreases with increasing vertical stress. For the cover material (recycled bitumen) the modulus of elasticity increases with increasing vertical stress with the exception of the high intensity over 100 kPa, when it is more or less independent on the vertical stress intensity.
Up until now realized tests show that the modulus of elasticity decreases with increasing humidity and vice versa. Also it is found that the dry conditions acting on the structural materials of the pavement generally do not cause as signifi cant changes in the mechanical properties as rain or high moisture. Depending on the actual humidity level, the mean value of modulus of elasticity of the subgrade material can be expected in the interval 65-265 MPa, while for the base material the modulus of elasticity can be expected in the interval 170-250 MPa for the case of natural materials. In the case of recycled materials the mean value of modulus of elasticity can be expected in the interval 125-170 MPa for the base material and for the cover material the modulus of elasticity can be expected in the interval 390-1395 MPa.
